Summary. Although carotid bifurcation stenoses are not the only lesions of the extracranial cerebral arteries, magnetic resonance angiographic (MRA) studies to date have concentrated on the carotid bifurcation. We compared digital subtraction angiography of the extracranial portions of the cerebral arteries with MRA using an ordinary body coil, the time-of-flight method, and multiple transverse slabs which covered the arteries down to the aortic arch. Twenty-two patients (15 with arteriosclerotic diseases, 4 with aortitis, and 3 with tumours) had MRA using a 1.5 T magnet system with a three-dimensional fast imaging with steady state precession (FISP) technique. Thirty-nine carotid and 39 vertebral arteries were assessed by three radiologists with regard to stenoses or occlusions, graded as normal, mild ( < 30 %), moderate (30-60 % ) or severe ( > 60 %) stenosis, or occluded. Grading corresponded well in 81%; stenoses appeared more marked on MRA in 14 % and were seen less clearly on MRA in 5 %. When 26 carotid bifurcations were assessed separately, grading corresponded well in 95 %. MRA is the only method which can display the whole course of the extracranial carotid and vertebral arteries non-invasively and satisfactorily.
Extracranial carotid and vertebral magnetic resonance (MR) angiography (MRA) has recently become available [1] [2] [3] [4] [5] . Time-of-flight MRA can be useful for screening patients for extracranial carotid and/or vertebral artery disease. Although interest has so far been focused on the carotid bifurcation [1] [2] [3] [4] [5] , about 60 % of all surgically accessible stenoses of the carotid and vertebral arteries occur at other sites [6] .
Head coils and neck coils are useful only for head and neck lesions, and do not cover the aortic arch. Use of a thick slab given by a body coil to cover the entire extent of the cervical arteries diminishes the MR signals because of saturation. Ordinary head, neck and body coils are therefore unsuitable for imaging the entire extent of these arteries [7] . Even dedicated coils for carotid MRA do not show the origins from the aortic arch well [7] .
To overcome these difficulties, we have selected the slices which are to be postprocessed and compared the results with digital subtraction angiography.
Materials and methods
Twenty two patients suspected to have extracranial carotid or vertebral arterial lesions underwent MRA. The clinical diagnosis (Table 1) was based on the history and examination, with or without recent digital subtraction angiography. The patients, 15males and 7females, ranged in age from 12 to 74 years with a mean of 55.2 + A 1.5 T magnet system was used, with a three-dimensional time-of-flight fast imaging with steady state precession (FISP) technique. A body coil was used to delineate the extracranial arteries from their origins up to the carotid bifurcations. Imaging parameters were repetition time (TR) 40 ms, echo time (TE) 7 ms, flip angle 20 ~ one acquisition, and a 256 x 256 x 64 matrix; field of view (FOV) was 320 mm. Transverse presaturation was applied to the upper side of a slab to eliminate venous signals. Acquisition time was about 11 min for one slab. Each slab was 96 m m thick with 64 partitions, and a shift of 60 ram, giving 24 36-mm overlapping slices (Fig.l) .
The slice having stronger signals was selected from each pair, after which all selected images (A and B or B') were postprocessed using a maximum intensity projection (MIP) algorithm to produce an arbitrary projection angiogram. A series of angiograms was viewed on the monitor and photographed stereoscopically.
A neck coil was also used to produce single slab when the carotid bifurcations were of interest. The imaging parameters and postprocessing were as above, except that F O V was 250 mm.
Three radiologists independently interpreted the M R and digital subtraction angiograms with regard to stenotic or obstructive lesions due to arteriosclerosis, aortitis and tumour.
Results
We were able to assess 39 carotid arteries (excluding the carotid bifurcations) and 39 vertebral arteries (including the proximal subclavian arteries from their origins) in 22 patients; 26 carotid bifurcations were assessed separately, because the digital subtraction angiograms did not include the carotid bifurcations in the others, in whom the vertebral and/or proximal carotid arteries were of interest. The stenotic portions of the carotid and vertebral arteries graded as normal, mild (< 30 %), moderate (30-60 %) or severe (> 60 %) stenosis, or occluded. Table 2 shows grading of the 78 arteries on digital subtraction and MR angiography by the three radiologists. As regards the presence of stenoses or occlusions, accuracy was 87 %, sensitivity 90%, and specificity 86%; grading corresponded well in 190 (81%) (Fig. 2) . Stenotic grading was higher on MRA in 33 (14 % ), and on digital subtraction angiography in 11 (5 %). Stenosis tended to appear more marked on MRA: 12 vertebral arteries were shown on digital subtraction angiography to be patent but small in diameter or slow filling; 11 markedly elongated and tortuous carotid arteries gave weak MR signals. Seven arteries appeared normal on MRA, but were stenotic on digital subtraction angiography (Fig. 3) .
Using digital subtraction angiography as the standard, assessment of the 26 carotid bifurcations for the presence of stenosis by MRA had an accuracy of 96 %, sensitivity of 100 % and specificity of 94 %. Grading corresponded well in 74 (95%) ( Table 3) . Severe stenoses and occlusions were differentiated (Fig.4) . Both MRA studies showed good correlation with digital subtraction angiography as regards ulceration.
A graft vessel between the descending aorta and the left subclavian artery was clearly seen in one case of aortitis.
D i s c u s s i o n
A three-dimensional angiogram acquired with the timeof-flight method is suitable for delineating the vessels which cross a slab perpendicularly. The carotid bifurcations are suitable for time-of-flight angiography [1] . When a thick slab is applied, saturation phenomena make the signals weak. A dedicated coil for carotid MRA has been used to improve contrast in direct coronal and sagittal time-of-flight carotid angiograms [7] ; a body coil can image the entire extent of the carotid and vertebral arteries including their origins, when selected slices from multiple slabs are processed at once using maximum intensity projection.
The cases in which MRA was considered useful in this study included repeated transient ischaemic attacks, vertigo when turning the head to one side, carotid artery narrowing and displacement due to a cervical turnout, and vertebral artery displacement due to a neuroma. Followup examinations are especially essential for MRA.
It takes about 11 min for one slab of 64 partitions to be imaged, and about 33 min for three slabs which cover the origins of the brachiocephalic, left common carotid, left subclavian and vertebral arteries and the carotid bifurcations. Using a maximum intensity projection algorithm, it takes less than 10 min to produce an arbitrary projection angiogram with increments of 5 ~ Thus, an examination lasting about 40 min can image the extracranial arteries non-invasively, on an outpatient basis.
With anteroposterior digital subtraction angiography, the carotid bifurcations may be subtracted out when the teeth overlap them. Moreover, sometimes the origins and bifurcations are not separated from other arteries on the limited projections given by digital subtraction angiography.
A body coil makes the signals decrease quickly because of the wide range of saturation. Elongated and tortuous arteries were sometimes difficult to image and mimicked stenoses, while some stenoses were underestimated by MRA due partially to limited spatial resolution. Experienced interpreters may compensate to some extent for these disadvantages.
A special coil for imaging the extracranial arteries, including their origins, could delineate them better, and much higher resolution could be obtained with a 512 matrix.
